One of the appealing examples of exotic electronic phases produced by the novel interplay of spin-orbit coupling (SOC) and the other relevant parameters in complex Ir oxides is a novel spin-orbital Mott insulator associated with the half-filled J eff = 1/2 band, lately identified in layered perovskite Sr 2 IrO 4 1,2 . The three dimensional counterpart of Sr 2 IrO 4 , SrIrO 3 , is revealed to be a semimetal close to a band insulator 3, 4 , where a line of Dirac nodes generated by combination of SOC and lattice symmetry plays a key role 5 . The large SOC may give rise to intriguing topological phases as well in their sister iridium oxides. It was 4 theoretically predicted that iridium oxides with unique geometry of lattice, such as honeycomb or pyrochlore, may have a topological character [6] [7] [8] . A family of complex iridium oxides is thus a promising playground to explore rich electronic phases, ranging from semimetal, magnetic insulator and even topological insulator, by the subtle control of lattice.
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The control of dimensionality and the introduction of interface using superlattice structure have been demonstrated to be a useful technique to control the electronic phase of 3d transition metal oxides including titanium 9 and nickel 10 . The approach using superlattice could be even more powerful in complex 5d Ir oxides than their 3d analogues to explore exotic electronic phases, because of the presence of the large SOC. The emergence of a variety of phases in a narrow materials space, as a consequence of the interplay between SOC and other electronic energy scales, means that only a minute change of the control parameters including dimensionality may totally alter the ground states. To realize topological phases, the modification of local symmetry of lattice, for example breaking inversion symmetry, is often essential, which could be done by introducing interfaces. Indeed, a design of topological insulator was theoretically proposed by utilizing superlattice structure of perovskite oxides 5, 11 .
In this work, we have successfully grown artificial superlattices [(SrIrO 3 ) m , Using those weak ferromagnetic moment as a marker, we are able to investigate the local lattice distortion in thin films, which in general is very difficult to probe. Since the unit-cell volume of SrIrO 3 is larger than that of SrTiO 3 13,14 , the IrO 6 octahedra should rotate within the plane to match the lattice constants in the superlattice. This should give rise to a DM interaction, to which the origin of the observed weak magnetic moments can be ascribed The presence of weakly ferromagnetic in-plane moments in the case of m = 2 implies that both the inter-bilayer and the intra-bilayer alignment of canted moments should be ferromagnetic. The ferromagnetic inter-bilayer alignment of canted moments can be described in the same way as in m = 1. Due to the dominant superexchange process using close to 180 degrees oxygen bonds, the bilayer magnetic coupling should be antiferromagnetic 17 , which leads to the conclusion of out-of-phase rotation of IrO 6 octahedra between the two neighboring IrO 2 layers [see Fig. 4(b) ]. It should be noted that, in the case of bulk bilayer Phase relation of the IrO 6 rotation between adjacent IrO 2 layers is determined so as to account for the observed magnetic moments. While we have no experimental information on TiO 6 rotation, we assumed it to be out of phase with the neighboring IrO 6 rotation since it is reasonable to avoid Coulomb repulsion between oxygen atoms. 
Methods
We performed HXPES at the beamline BL-47XU of SPring-8 26 , and O 1s XAS at the beamline BL-2C of Photon Factory, high Energy Accelerators Research Organization (KEK).
Photon energy and energy resolution are 7938 eV and 200 meV in HXPES, and 520 -560 eV and 100 meV in XAS, respectively. All the measurements were performed at room temperature. In HXPES, the position of the Fermi level (E F ) was determined by measuring the spectra of the gold, which is in electrical contact with the superlattices. In O 1s XAS, the experimental geometry is also shown in Fig. S1 . The incident angle of the incoming x-ray with horizontal linear polarization was 60 o from the sample surface normal. superlattices. For the XAS, the spectrum of Nb-doped SrTiO 3 is also plotted as a reference.
The experimental geometry of O 1s XAS is also shown.
